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® Therapeutic antibody based fusion proteins. 



® The present invention relates to a system for the generation of antibody fusion proteins which has utility In 
the production of recombinant molecules that possess novel, clinically relevant biological activity. The antibody 
fusfon proteins of the Invention may be used therapeutically to deliver biologicafly active ligands to a desired 
tissue. 

In particular embodiments of the Invention, the antibody fusion protein comprises a bbtogicaUy active ligand 
which Is a lymphoWne, including, in a specfflc embodiment, interleukln-^ Because lhterteuWn-2 Induces 
lymphocyte proliferation, fused antibody that targets lnterleukin-2 (IL-2) to a mafignant or Infected tissue can 
produce localized amplification of the Immune response towanJ the diseased tissue, and thereby factntate the 
destruction of the Infected or maHgnant tissue. In a specific embodiment of the invention, a fused antibody Is 
produced which comprises a variable region of the anti-tumor antigen monoctonal anybody 1.6 and active IL-2. 

Additional embodiments of the Invention relate to fused antibodies which comprise an Immunoglobulin 
variable region and a biologically actwe ngand which is a non^ymphoWne cellular factor. In a specific 
embodiment of the Invention, a fused antibody is produced which comprises a variable region of the anti-tumor 
antigen monoclonal antibody L6 and active platelet factor 4, a molecule associated with antagonism of 
anglogenesls. Inhibition of suppressor T lymphocyte devetopment. chemotaxis and heparin binding. 



OL 
LU 



Xanvc Copy Centre 



EP0439095A2 
THEjRAPEimC ANTIBODY BASED FUSION PROTEINS 



TABLE OF CONTENTS 

5 Page 

1. Introduction • 3 

2. Background Of The Invention 3 

2.1. Monoclonal Antibodies As Diagnostic And 
Therapeutic Reagents 3 

2.2. Use Of Konoclonal Antibodies As 
Targeting Agents 4 

« 3. Sumnary Of The Invention 5 

4. Description Of The Figures 6 

5. Detailed Description Of The Invention 7 

20 5.1. Construction Of Recombinant Genes 

Encoding Antibody Fusion Proteins 7 

5.2. Expression Of Antibody Fusion Proteins.. 13 

5.3. Utility Of The Invention 15 

25 

6. Example: Construction And Expression Of A 
Platelet Factor 4/L6 Antibody Fusion Protein 
With Platelet Factor-4 17 

^ Materials And Methods 17 

€.1.1. construction Of An Expression 
cassette For An Antibody-Based 

OS Fusion Protein ••••••• 17 

6.I.2. Insertion Of Platelet Factor 
4 Encoding Sequences Into: 
Antibody Fusion Protein 

cassette. X8 

6.1.3* Expression Of Platelet 

Factor 4/L6 Fusion Protein. is 
^ 6.2. Results And Discussion is 

7. Example: Construction And Expression Of An 
Interleu]cin-'2/L6 Antibody Fusion Protein 

so With Interleukin-2 Activity 20 



2 



EP0439 095A2 



7.1. Materials And Methods.. 20 

7.1.1. Construction Of An Expression 

Vector For The IL-2 Antibody 
Fusion Protein 20 

7.2. Results And Discussion 22 

7.2.1. Esqpression of IL-2/L6 
Antibody Fusion Protein 22 

7.2.2. Assays For Bifunctional 
Activity Of The Fusion 

fs Protein 22 

Deposit Of Microorganisas 23 



10 



1. INTRODUCTION 



20 



The present Invention relates to antibody based proteins in which a portion of an antibody is fused to a 
biologicafly active llgand. The resulting fusion protein may be used to deliver the active molecule to a 
specific target cell or tissue. In particular embodiments of the present invention^ a portion of an antibody 
which recognizes a tumor cell Is Bnked to a llgand which Is an antitumor agent in a prefen-ed emtjodiment 
25 of the present Invention, a portion of an antibody which recognizes a tumor cell Is linked to a lymphoklne 
such as IL-2, thereby providing a method for producing a targeted, amplified anti-tumor Immune response. 

2. BACKGROUND OF THE INVENTION 

30 2.1. MONOCLONAL ANTIBODIES AS DIAGNOSTIC AND THERAPEUTIC REAGENTS 

Since the development of the ceO ftiskm technique for the production of monoclonal antibodies (Kohler 
and MUstein, 1975, Nature 256:495), a vast number of monoclonal antibodies, many of which define 
heretofore unknown antigens, have been produced by a number of researchers. Concurrently, a number of 
technkjues have been developed for the generation of monoclonal antibodies, foidudlng the B cell 
hybridoma technique (Kozbor et al, 1983. Immunotogy Today 4:72) and the EBV hybridoma technique to 
produce human monodonal antibodies (Cole et al.. 1985, In "Monoctonal Antibodies and Cancer Theraov " 
Alan R. Uss. Ina pp. 77-96). 

Through hybridoma technotogy, monoctonal antibodies (Mab) can be developed that are capable of 
recognizing almost any determinant or epitope. The property of ^)ecific recognition and binc&tg to 
particular cells has encouraged the devetopment of Mabs as diagnostic and therapeutic reagents for a 
variety off dsease states. Mabs have been obtained that recognize detemilnants preferentially expressed on 
tumor cells (HeRstrom et al., 1984 In "Monoclonal Antibodies and Cancer", Wright et al. Marcel Dekker, 
InCi N.Y., pp. 31-47) and are currently being evaluated in the dfnic for their effecthreness as therapeutic 
46 agents. 

22. USE OF MONOCLONAL ANTIBODIES AS TARGETINQ AGENTS 

The ability of monoctonal antlbocfies (Mabs) to localize to tumor tissue has also led to the development 
50 of Mabs conjugated to various substances In an effort to target spedflcmolecutes to 

and Hellstrom, 1985, In "Monoctonal Antibodies for Tumor Detection and Drug Targeting," Baldwin et al. 
eds. Academto Press, N.Y. pp. 17-51). Unkages have been perfbnned using toxins, dnigs, radionudldos, 
and enzymes for the activation of prodmg compounds. Many of these linkages Involve the chemical 
conjugatton of the reactive moiety with a given preparation of antibody, a process which can be 
55 cumbersome and subject to variatton. (U.S. Patent No. 4,671,958 by Rodwell et aL. filed March 9, 1982, 
issued June 9, 1987). 

Recently, recombinant DNA technk^ues have been used to produce genetically altered immunoglobulin 
molecules. For example, techniques have been developed to produce chimeric antibodies, which combine 
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regfoniis of immunoglobulin molecules from different sources (Morrison et al^ 1984, Proc. Natl. Acad. Scl. 
U.SA 81«58l: Sahagan et aL. 1986, J. Immunol. 137:1066; Sun et al., 1987, Proa Natf, Acad. Sd. USA 
84:214). Usually, chimeric antibodies combine an antJgen-comWnfng region (or variable region) from a non- 
human source and a constant region from a human source. 

5 Chimeric antibody technology has been extended to produce chimeric molecules comprising Im- 
munogtobunn and non-lmmunoglobulln portions. For example, bitemationat Patent Application No. 
PCT/QB8S«)0392 by Neuberger et al., fDed September 3. 1985, and published March 13. 1988, describes 
the production of Fab -Staphylococcus aureus nuclease. Fab-myc, and Fab-Wenow fragment of DNA 
polymerase I chimeric antibodies (see also Neuberger et aL, 1984, Nature 312:604-608 and Williams and 

10 Neuberger, 1988. Gene 43:319-324). Schnee et al. (1987, Proc. NatL AcaaTSd. U.SA 84:6904^908) 
describe the construction of a hybrid molecule comprising the variable region of an anthfibrin"ahtibody and 
the catalytic ^-chain of tissue plasminogen activator. 

3. SUMMARY OF THE INVENTION 

75 

The present invention relates to a system for the generation of antibody fusion proteins which has utility 
in the productfon of recomt)inant molecules that possess novel, clinically relevant biological activity. The 
ant'body fusion proteins of the invention may be used therapeutically to deliver biologically active ngands to 
a desired tissue. 

20 In particular embodiments of the invention, the antibody fuston protein comprises a biologically act^e 
Bgand vyhich Is a lympholdne. Including, In a specific embodiment interfeuldn-2. Because interieuldn-2 
induces lymphocyte proliferation, fused antibody that targets jnterleukin-2 (IL-2) to a malignant or infected 
tissue can produce localized amplification of the Immune response toward the diseased tissue, and thereby 
factlitata the destruction of the infected or malignant tissue. In a specific embodiment of the invention, a 

25 fused antibody Is produced which comprises a variable region of the anti-tumor antigen monoclonal 
antibody L6 and active IL*2. 

Additional emt)odiments of the invention relate to fused antibodies which comprise an immunoglobulin 
variable region and a biologically active ligand which is a non-lymphokine cellular factor. In a- spedfic 
embodiment of the invention, a fused antibody is produced which comprises a variat^le region of the antl- 

JO tumor antigen monoclonal antibody L6 and active platelet factor 4, a mblecule associated with antagonism 
of angiogenesis, inhibition of suppressor T lymphocyte development, chemotaxis and heparin binding. 

4. DESCRIPTION OF THE RGURES 

99 Rgure 1. Diagram of insertion of CHi into pUCl8 vector. 

Rgure 2. Diagram of insertion of PF-4 cDNA Into CHi, Hinge-Bearing Vector. 
Figure 3. Diagram of irisertion of construct into a mammalian expression vector. 
Figure 4. Production of PF-4A5 fusion protein by cell lines transfected with PF-4/L6 expres^on vector, 
as measured by reactivity with anti-L6 idiotype antibody. 
40 F^ure S. inhibition of bincfing of antl-PF^ antibody to PF-A/Ud fusion protein by increasing concentra- 
tions of free PF^* 

Rgure 6. Diagram of strategy for the generation of IL-2/Ij6 fusion proteins, (a) Insertion of IL-2 cDNA 
Into pUCl8 vector containing Chi amd 3* untranslated regions (3'uT) from the mouse immunoglobulin gene 
locus with Incorporation of hinge/Onker sequences: (b) final expression vector comprising SV40ori promoter 
45 and the neo resistance gene. 

Rgure 7. Bcact hinge (a) and hinge-linker (b) sequences. 

Rgure a Procedure of producing IL-2 cDNA for ctening. 

Rgure 9. Coding portion of IL-2 amplified in polymerase chain reaction. 

Rgure 10. Chimeric fight chain vector cotransfected with P1L-2/L8. 

5. DETAILED DgSCRIPTiON OF THE INVENTION 

The present invention relates to a system for the generation of therapeutic antibody fusion proteins, in 
particular, the present invention relates to therapeutic antibody fusion proteins as well as the recombinant 
55 DNA molecules utiKaed in their production. For purposes of clarity of disclosure, and not by way of 
limitation, the detailed description of the invention will be divided into the following subsections: 

(i) construction of recombinant genes encoding antibody fusion proteins; 

(ii) expression of antibody fiiston pnsteins; and 
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(lil) utility of the Inventforu 

5.1. CONSTRUCTION OF RECOMBINANT GENES ENCODING ANTIBODY FUSION PROTEINS 

5 Tt\e antit)Ody-t)ased fusion proteins of the Invention comprise (i) a portion of an immunoglobuHn 
molecule capable of directing the fusion protein to an intended cell or tissue and (ii) a biologically active 
protein or peptide. The recombinant genes encoding the antibody fusion proteins of the invention may be 
constructed using any technique known bi the art of molecular biology. Including but not limited to the 
following. 

10 The targeting portion of the molecule may comprise all or part of an Immunoglobulin variable region 
which may, in turn, be comprised of regions encoded by a V gene and/br 0 gene and/or J gene. In 
preferred embodiments of the invention, the antibody fusion proteins comprise a portion corresponding to 
the hinge region of an immunoglobulin molecule, or a functional equivalent thereof which would provide 
flexibility between the globular domains of the antibody-based fusion protein. A functional hinge may be 

IS Important in retaining targeting ability. Variable regions of antibody, particularly monoclonal antibody, that 
recognize tumor-spedfic antigens, viral-specific antigens, bacterial antigens, parasite antigens, or antigens 
expressed on a particular population of cells (such as lymphocytes) may be used in fusion proteins of the 
Invention. 

Ugands which may be Incorporated Into the antibody-bas9d fusion proteins of the invention include but - 

20 are not limited to lymphokines and cellular factors which interact with specific cellular receptor. Lym- 
phoWnes of the invention include but are not limited to lnterteukin-1 (Henderson and Petlipher, 1988. 
Blochem. Phannacol. 37:4717); lnterieukin-2 (Weil-Hillmari et al., 1988, J. Biol. Response Mod 7:424); 
InterieuWn-e (Van Damme et al., 1987. J. Exp. Med. 165:914-919); interferon a (Pitha et al., 19®8, j! 
Immunol. 141:3611); and interferon y (Blanchard and Djeu. 1988. J. Immunol. 141:4067). 

25 Cellular factors which may be incorporated into the antibody-based fusion proteins of the invention 
include but are not fimited to platelet factor 4 (Devel et al.,. 1981, Proc. Natl. Acad. Sci. U.S.A. 78:4584- 
4587); tumor necrosis factor a (Plate et al, 1988, Ann. N.Y. Acad. Sd. 532:149); epidemial growffT factor 
(Carpenter and Cohen. A. Rev. Biochem. 48:193-216); fibroblast growth factor (Folkman and Klagsbum. 
1987. Science 235:442-447); insulin-like growth factor-1 (Blundell and Humbel. 1980. Nature 287:781-787); 

30 insulin-fike growth factor-2 (Blundefl and Humbel. supra) ; platelet-derived growth factor (Ross'^al., 1988, 
Cell 48:155-169); transfom^lng growth factor a (Derynck, 1988. Cell 54:593-595): transfomiing growth factor 
0 (Cheif^tz et aL. 1987, CeH 4^409-416); Interferon 0 and nerve growth factor (Thoenen et al^ 1982, fn 
•Repair and Regeneration of the Nervous System*, J.Q. Nicholls, ed.. Springer-Verlag. NY. pp. 173-185). 
Recombinant nucleic add molecules which encode the Immunoglobufln. lymphoWne or growth factor 

35 may be obtained by any method known in the art (Maniatis et al., 1982, Molecular aoning; A Laboratory 
Manual, Cold Spring Haxtor Laboratory, Cold Spring Harbor, NY) or obtained from publicly available clones. 
For mmple. nudeic add encoding a lymphokine or factor may be obtained as follows. A populatton of 
cells known to acth^ely express the factor may be obtained, and total cellular RNA may be harvested 
therefrom. Amino add sequence of the factor may be used to deduce the sequence of a portion of the 

40 factor's nucleic add so as to design appropriate ollgonucleotkle primers, or, altemativeiy, the 
oligonucleotide primers may be obtained from a known nucleic add sequence which encodes the fector. 
The oSgonucleotkfe fragment may then be used In conjunction with reverse transcriptase to produce cDNA 
corresponding to factor-encoding nucleotide sequence (Okayama et aL. 1987, Methods Enzymol. 154:3-29). 
The cONA can then be doned, and/or portions of the factor coding region may then be ampllfiedlfom this 

4$ cDNA using polymerase chain reactton and appropriate primer sequences, (Saiki et aL. 1988, Sdence 
239:487-491)> 

In partioilar embodlnnents of the Inventton, a recombinant vector system may be created to accom- 
modate sequences encoding the Bgand in the correct reading frame with a natural or synthetic hinge region. 
For example, and not by way of limitation, the hinge region of the human IgGi constant region may be 

50 used; in a specific embodiment of the inventkm, the constant region exon encoding the Chi domain of 
human IgQi may be doned as a Hindl ll-Psti fragment Into the vector pUCl8 to which may be JoinM, using 
standard restriction enzyme techniques, a modified version of the human hinge region sequences of human 
IgQi. In the modified version of the human hinge region, the two cysteine residues that nonnally mediate 
interchain disulfide linkage may be replaced by codons spedfying proline and serine so as to permit 

55 greater flexibility in the fused molecule; In this specific embodiment the sequence of the hinge region may 
be EPi<SCDKTHTPPPSPGRWQGFlA. 

Additionally, it may be desirable to Include, as part of the recombinant vector system, nucleic adds 
corresponding to the 3' flanking region of an Immunoglobulin gene including RNA cteavage/polyadenylatton 
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sites and downstream sequences: according to a specffic embodiment of the Invention, this nucleotide 
sequence provides the mRNA with the 3' untranslated region of the secretory fonn of the murine gene. 
Furthermore, ft may be desirable to engineer a signal sequence upstream of the antibody fusion protein- 
encoding sequences to faciUtate the secretion of the fused molecule from a cell transfbnned with the 
5 recombniant vector. 

Nucleic add sequences encoding the various components of the antibody-based fusion proteins of the 
invention may be joined together using any techniques known in the art Including restriction enzyme 
methodologies and the use of synthetic Rnker sequences* 

To provide for adequate transcription of the recombinant constructs of the Invention, a suitable 
to promoter/enhancer sequence may preferably be Incorporated Into the recombinant vector. Promoters which 
may be used to control the expression of the antibody-based fusion protein include, but are not limited to 
the SV40 early promoter region (Bemolst and Chambon, 1981, Nature 290:304-310), the promoter contained 
in the 3' long terminal repeat of Rous sarcoma vims {Yamamoto. et aL. 1980, Cefl 22:787-797) the herpes 
thymidine kinase promoter (Wagner et al.. 1981, Proa Natl. Acad. Scl. U.8A 78:144^1445). the regulatory 
15 sequences of the metallothionine gene (Brinster et al., 1982, Nature 296:39^); prokaryotic expression 
systems such as the UC, or ^-lactamase promoter (Villa-Kamaroff, eTii., 1978, Proc. NaU. Acad. Scl. 
U.SA ^:3727-3731). or the t^ X phage promoter (DeBoer, et aL, 1983. Proc. Natl. Acad. Sd. U.SA. 
^:21-25). see also "Useful proteins from recombinant bacteria" in Scientific American. 1980, 242:74-94: 
plant expression vectors comprising the nopaline synthetase, promoter region (Hen^ra-Estrella et iCNaturo 
20 303:209-213) or the cauliflower mosaic vims 35S RNA promoter (Gardner, et al., 1981. Nucl. Acids Res. 
9:2871), and the promoter for the photosynthetic enzyme nT)ulose biphosphate carboxylase (Herrera^Estrella 
et al., 1984, Nature 310:1 15-120); promoter elements from yeast or other fungi such as the Gal 4 promoter 
the ADC (alcohol dehydrogenase) promoter, PGK (phosphoglycerol kinase) promoter, alkaline phophatase 
promoter, and the following animal transcriptional control regions, which exhibit tissue specificity and have 
2S been utiDzed in transgenic animals: elastase I gene control region which is active in pancreatic adnar cells 
(Swift et al.. 1984. Cell 38:639-646; Omitz et al.. 1986, Cold Spring Hartwr Symp. Quant Biol. 50:399-409- 
MacOonald. 1987. Hepatology 7:425-515); insufin gene enhancers or promoters which ar?"active in 
pancreatic bete cells (Hanahan, 1985. Nature 315:115-122). immunoglobufin gene enhancers or promoters 
which are active In lymphoid cells (Grosschedl et al.. 1984, Cell 38:647-658; Adames et al. 1985 Nature 
90 318:533-538; Alexander et al.. 1987. MoL Cell Bid. 7:1 436-1 444),"fie cytomegalovirus eariy prom^ and 
enhancer regtons (Boshart et al., 1985, CeO 41521-530), mouse mammary tumor vims control regton which 
Is active In testicular, breast, lymphoid and mast ceSs (Leder et al., 1988, Cell 45:485-495). albumin gene 
control regton which is active in liver (Pinkert et al.. 1987. Genes and Devel. 1568-276), alpha-fetoprotein 
gene control region which Is active In Bver (Krumlauf et al.. 1985, Mol. Cell. Biol. 5:1639-1648; Hammer et 
3S aL. 1987. Science 235:53-58); alpha 1-antitrypsin gene control region which is active In the Over (Kelsay et 
al. .1987. Genes and Devel. 1:161-171), beta^tobin gene control regton whfch Is active In myetoW cells 
{Mogram et al.. 1985. Nature 315:338-340; Kbilias et al, 1988. Cell 46.-89-94; myelin basic protein gene 
control regton which Is active in oligodendrocyte cells In tiie brain (Readhead et al., 1987, Cell 48:703-712); 
myosin light chain-2 gene control regton which is active In skeletal muscle (Sanl, 1985, Nature 314:283^ 
40 286). and gonadotropto releasing honnone gene control regton wWch is active In tfie hypottialamusllSiason 
et at. 1986, Science 234:1 372>1 378). 

Successful Incorporation of antibody-based hsshn gene constructs may be Identified by tiiree general 
^pTMdies: (a) DNArONA hybridization, (b) presence or al>sence of -maricer- gene functions, and (c) 
expression of Inserted sequences. In tiie approach, tiie presence of a foreign gene Inserted In an 
expression vector can be detected by DNA-DNA hybridization using probes comprising sequences tiiat are 
homotogous to tiie Inserted antibody fusion protein gene. In the second approach, the recombinant 
vector/host system can be klentified and selected based upon the presence or absence of certain "marirer" 
gene functions (e^. tiiymidine kinase activity, resistance to antibiotics such as G414 transfonnation 
phenotype, occlusion body fbnnation in bacutoviros. etc.) caused by ttie Insertion of foreign genes in ttie 
vector. For example. If tiie antibody fusion gene Is Inserted so as to Intemipt tiie maricer gene sequence of 
ttie vector, recombinants containing tiie antibody fusion gene insert can be Identified by ttte absence of ttie 
nnaricer gene function. In ttte ttiird approach, recombinant expression vectore can be Identified by assaying 
ttw foreign gene product expressed by the recombinant Such assays can be based, for example, on tiie 
physical or fonctional properties of ttte antibody fusion gene product in bioassay systems as described 
55 Infra. 

~Once a particular recombinant DNA molecule Is Identified and isolated, several mettiods known In ttte 
art may be used to propagate It Once a suitable host system and growttt conditions are established, 
recombinant expression vectors can be propagated and prepared in quantity. As previously explained, ttie 
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expression vectors which can be used Include, but are not limited to, the foflowlng vectors or their 
derivatives: human or animal viruses such as vaccinia virus, adenovinis or retroviral based vectors- insect 
viruses such as baculovims; yeast vectors: bacteriophage vectors (e.g.. lambda), and plasmid and cosmid 
ONA vectors, to name but a few. 

In a pretend embodiment of the Invention, the promoter/enhancer and 3* regulatory sequences may all 
be derived from immunoglobulin genes. 

S2. EXPRESSION OF ANTIBODY FUSION PROTEINS 

The recombinant constructs of the invention may be Introduced into host cells which are capable of 
expressing the antibody-based fusion protein using any method known in the art. Including transfonnation 
(for example, using DEAE^xlran or caldum phosphate techniques), transfectlon. microinjection, infection, 
ceil gun, and electroporatioa Any host cell type may be utilized provided that the antibody-based fusion 
protein recombinant nucleic acid sequences would be adequately transcribed into mRI^^A in that cell type. In 
specific embodiments of the invention, mouse myetoma cell lines which do not produce immunoglobuHn, 
such as Sp2Ao or Aga653 may be used. In addition, the recombinant nucleic acid constructs of the 
invention may be used to create non-human transgenic animals capable of producing the antibody based 
fusion protein. In prefenwJ embodiments of the invention, the host cell Is a lymphoid cell. In specific 
embodiments of the Invention, the host cell is a hybridoma derived heavy chain less variant which 
expresses immunoglobulin Hght chains; In this embodiment the parent hybridoma most preferably may be 
the source of the monoclonal antibody which comprises the immunoglobuUn portions of the antibody-based 
fusion protein. Thus, for example, and not by way of limftation. the Bght-chain producing cell fine derived 
from a hybridoma which produces monoclonal antibody "X" may be transfected with recombinant DNA 
encoding an antibody-based fusion protein which comprises a variable region of monoctonal antibody "OC"; 
the antibody-based fusion protein may combine with endogenous light chain and thereby re-create the 
antigen binding site of monoclonal antibody "X". 

Alternatively, recombinant nucleic acids encoding both antibody-based fusion protein and corresponding 
or compatible immunoglobulin Ught chain may be cotransfected into a cell line which is preferably of 
lymphoid origin. In yet a further embodiment of the invention, the antibody fusion protein encoding 
sequences may be introduced Into the immunoglobuOn locus of a lymphoid ceO line by homologous 
recombination according to methods set forth in U.S. patent appficatlon serial no. 07/242,873. by Folger- 
Bnice and Fell, filed September 14. 19d8. which Is Incorporated by reference in its entirety herein. 

Antibody-based fusion protein produced by the host ce« may be collected using any technique known 
In the art Including, but not limited to, affinity chromatography using target antigen or antibody specific for 
any portion of the fusion protein mdudlng. for mmple. anti-fdidtype antibody. The activity of the fused 
lymphoWne or cellular factor may be confinned using biological assays which detect or measure the activity 
of the lymphoWne or cellular ftelor. Fbr example, and not by way of limitation, if IL-2 is the lymphokine 
comprised by the antibody fusion protein, ttie presence of IL-2 activity may be confirmed in assays which 
detect T-ceU proTiferation. In a specific embodiment of the invention, the presence of PF4 acthrfty is 
confirmed by obsenrfng that tiie antibody fusion protein binds to anti-PF4 antibody In a manner which Is 
competitively inhibtfed by free, uncoNugated PF4 protein. 

The present invention provides fbr dimeric immunogfc>buIin molecules as well as monomeric or 
multinrieric molecules comprising antibody based fusion proteins. 

5.3. UTILITY OF THE INVENTION 

The present Invention provides fbr antibody based fusion proteins tiiat may be used to deUver 
blotogically active Hgand molecules to specific target cells or tissues. In particular embodiments of the 
invention, the antibody fusion proteins comprise Uganda which are lymphoMnes or other cellular factors. 

In various embodiments of the Invention, an antibody fusion protein may comprise variable region 
sequences which recognize a tumor specific antigen. Accorcfing to a specific embodiment of ttie Invention, 
ttie variable region sequences are derived from L6, a monoclonal antibody which reacts with an antigen 
present on human non-small cell lung carcinoma and a number of other carcinomas, including breast and 
colon carcinoma. If the antibody fusion molecule which recognizes a tumor specific antigen also comprises 
a lymphokine. It may be used to alter ttie Immune response in the area of the tumor cells. Fbr example, as 
shown in Example Section 7. In^ an antibody fusion protein comprising IL-2 and the L6 variable region 
retains IL-2 activity. The IL-2/L6 hision protein may be used to target IL-2 to tumor cells: consequentiy 
activated T-ceOs In the vicinity of the tumor will be Induced to profiferata. thereby ampUfying the antf-tumor 
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immune response. K should be noted that cunent immunotherapy often Involves systemic administration of 
lympholdnes at a concentration that is intended to effectively Ijoost anti-tumor activity but which necessarily 
affects lymphocytes and tissues throughout the body. In the case of IL-2. severe and potentially fatal cOnlcal 
reactions may occur. The present invention offers the advantage of decreasing systemic exposure to 
lymphoMne: anttbodyHTtediated targeting allows for less total lymphoMne to be administered and substan- 
tially decreases the exposure of non-tumor tissues to lympholdne. thereby minimizing toxic effects. In a 
further specHIc embodiment a PFAOS antibody may be used to inhibit angiogenesis at a tumor site and 
thereby inhibit tumor growth. 

In adcfilional embodiments, the antibody fusion protebis of the invention may be directed toward 
antigens associated with infectious agents. inchKfing viral, bacterial, or parasitic antigens. In a specific 
embodiment, the antibody fusion protein may comprise a chemotacHc factor which may be used to recrutt 
polymorphonuclear leukocytes to sites of infection. Including the walls of abscesses. 

Altemafively, the antibody fusion proteins of the invention may be directed toward antigens present on a 
subpopulatlon of ceUs in the body. f=or example, antibody fusion proteins directed toward antigens on the 
surface of helper T-celis could be used to target Bgands which augment helper ceil activity in immune 
compromised patients or to target Bgands that down regulate T-helper responses in cases of autoimmunity 
Alternatively, antibody fusion proteins directed toward antigens on the surface of suppressor T-cells may be' 

used to regulate activity. Subpopulalions of cells could also be targeted based on receptor specificity (e o 
antigen fOr lymphocytes). . . ^ 

In additionai embodfrnents of the invention, cellular tactors that relate to wound heaUng may be 
incorporated into antbody fusion proteins. FOr example, fibroblast growth factor may be combined wWi an 
antibody which recognizes an antigen exposed by or applied to an area of cell Injury. 

The antibody fusion proteins may be administered to a patient in need of such treatment In any sterile 
pharmaceutical carrier which will maintain the solubility and acthnty of the protein. It may be desirable to 
administer antibody fusion proteins in conjunction with other treatment modalities, including antibodies 
and/Or antibody fusion proteins compridng additional growth factors. 

6. EXAMPLE- CONSTRUCTION AND EXPRESSION OF A PLATELET FACTOR 4/L6 ANTIBODY FUSION 
PROTEIN WrnrpLATELET FACt5R fACTIVff? ^ ^UWUN 

8.1. MATERIALS AND METHODS 

8.1.1. CONSTRUCTION OF AN EXPRBSIQN CASSETTE FOR AN ANTIBODY-BASED FUSION PROTHN 

A fecornbhart vector system was created to aceonwnodate sequences encoding^ 
in the correct reading frame with the hinge region of the human IgQ, constant region. IniSaily. the constant 
'!?^o*^ wwotfing «he C„, domain of human IgQ, was cloned as a Hindllt/Pstt fragment Into the vector 
puciB (F^ 1). Downstream of these sequences was cloned a 1.8 lE"^stM?pnl fragment containing a 
porfonoMhea AanWng region of the murine C^ gene that Ind^ 

used in the expression of mRNA encoding the secretory fdrm of IgM heavy chain. A portion of the vector 
poiyonker was ret^ned between the two fragments for subsequent additions. 

A pair^oDgonudeotides was generated that when annealed encode a inodffied version of ^ 

?„X/2!l!!?***L*f ^ ^y***^ *«* »n«»^'' 

^I!!!L.*T2 '^P^ specifying proRne and serine, and several amino 

^^^t IT"™* entire hinge region sequence is: EPKSCDKTHTPP- 

rePGRWCQRA. The annealed oBgonudeotide pair has a PsU compatible overhang on the 5' end, includes 
thenonTHU2>0^ site for the hinge axon, and reteihs another suitable overhang for Hnkage with 

^itor«l ofigom^otldes at the 3' end. A second pair of oligonucleotides was designed to ^^StZ 
first set and provide compatible ends for BgaHonwHh an Ncol overhang. 

TON ^^T^ — ^^^^^ * ENCODING SEQUPICK IffTO ANTIBODY FUSION PRO- 

wM*^ ^ TT^ ^ ^ ^ ^ ^ fragment in frame 

TtT^ ^of^-^T."* ^ vector with theTSIo pilre of oligonucleotides 

iiSLhu!^H?^S.»^ """^ transferred to a vectpr that contains a dominant 

setectebte mari«r (NEO) for expression m mammaBan ceBs (Fig. 3). and then a gene segment encedbwa 
heavy chain variable region of the desired specificity was inserted just upstream ««enceaing8 
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6.1^: EXPRESSION OF PLATELET FACTOR 4/L6 FUSION PROTHN 

e . ^"t.!!!!*^ *^ transfected into a murine myetonrw cell line expressing the chimeric Rght chain and 
supematents were screened for production of heavy/light assembled protein using antHdiotypIc antibo<^ 
^JS^lXi^"^ ^ estab^shed .hat tested pie ^2 prST'S 

6.2. RESULTS AND DISCUSSION 

The fir^ example of an immunogtobuin fusion protein generated by this design incorporated the 
sequence of human platelet factor 4 downstream as pan of the L6 chimeric heavy chain. P\J^^U^4 
has been reported to have several biologicai activities of interest including heparin binding, antagonism of 
angiogenesls. inhibition of suppressor T lymphocyte development, chemotaxis for inflammatory c^ts etc 

The growth and producbon characteristics (as detemiined by the kMd assay) for two clones ar^ shown 
m Rg. 4. As can be seen by comparison with purified chimeric L8 as a standanl. substantial amounts of Id 
bearing protein is produced, although it should be emphasized that chimeric LB is a bhralent molecule th^ 
probably reacte somewhat dHferently than a chimeric F(ab) in this assay. ""owcuw mat 

Culture suf»ri«tante from a clonal cell Dne were used to estabDsh the PF4 naturo of the heavy chain 
Kisic.Tprote.n. EUSA plates were coated with goat antisera specific for human platelet factor 4 {a Wnd oifl 
from Dr. Karen l^an. Columbia Unlver8ity^ Supernatant tnm the produdng clone wasSladSLdSntJ 
in the presence of vanous concentrations of purified PF4 protein (Sigma), or media only The D\aiBwZ 
subsequently developed wHh the biotinylated 13B antWdiotype ihi?h ^cogni^ ^ lB^'SSL^^ 
determinant, and avidin-HRP (TAQO). Fig. 5 shows a plot of the percent inhibffion of the datS 
witli .ncreasing amounts of the PF4 protein. No inhibition was obsen/ed by coincubation with chimeric i^ 

^k'^'T^" '^'^ °' *° "^P^"' *^ biological activity was characterized for the 

assembled fusion protein. Culture supernatant or media spiked with chimeric L6 protein was adsorbed on 
hepann-sepharose. The amount of assembled protein was measured by an antMd assay requiring the 
presence of both light chain and combinatorial determinants (15B capture and 14B biotinylatad to d^ 
» The concentration before and after incubation with heparin-sepharose is shown in Table 1. 

TABLE 1 

35 Adsorption of L6PF^ and ChimPab to Heparln.s^p hA,.»«» 

Cone (ng/inl)^> Heparin 

_ bound 

^ Before ads After ads (%) 

6B3.7subcl6 137" ^5 Si 

ChinPab 64 64 o 

^ Expressed m CIilBL6 eq. ( 15B - l4Bbio Elisa i 
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demonstrating that ^eater than 95% of the assembled Ig fusion protein is removable by heparin, a property 
not««^^tt« djfcneric LB molecule. The L»PF4 fusion protein was also shoin to binii to S 
tumor cells by FACS analysis using antlsera ^»cific for human or human PF4. 

7.1. MATERIALS AND METHODS 
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7.t.1. CON STRUCTION OF AN EXPRESSION VECTOR TOR THE tL-Z ANTIBODY FUSION PRQTRM 

A siightty different strategy was employed for the generation of L»lL5 hi^tm nm^;.. -i • „ 

Tliese constructs began with the same pUCiSC aam^i^Z!f:\:^ ^ S?*^ "9' 6' 

with PsU and BamHI to receive three DNAf^,STfJ*L^JT 2. This vector was opened 

rrSnSr^^J^.n'^.^^^ 

overhang compatible wiJ,S^o7STO,,^*ST^ ^ ^' 

had been used for clonina the P^a«« iltehSSL? encompasses a eodon specifying methionine and 

segment encoding :^^^ZZlZT^r:Z eTSTan'LTr' T""^"" 

and a BamHI overhang at tt,e 3' end to completeCon^^S * ~ "^^^ ^^^^r^ 

A separate construct was created by usino oKcionucieotides tha^ AnmH* ^* *u 

TOM celialar RNA «»„ MIIKW Iron fif,™!'^ »• T colh Hhta Ih, pop^Bcn. 



7^. RESULTS AND DISCUSSION 
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7^.1. EXPRESSION OF IL-2/L8 ANTIBODY FUSION PROTHM 

sho^in"^? I'nLX'tTAXTs^'^ *^ «9ht Chain vector 

Selection was perfbZduSSS18iS^LlSS non-gprodudng murine plasmacytoma ceO Hne. 

specific for the heiy SSn^Sabte^S ^i^TlSl^ W ^chaln variable region and the other 
Chosen Itor tolher^^ ^ 

72^ ASSAYS FOR BIFUNCTIONAL ACnVITY OF THE FUSION PROTBN 

incubated with either media. 2QJhxl of rhh^w^T« .Jil!. ' "^^^^ *» L6 antigen were irradiated and 
L6 antlbody^r ^Z^ p^t^ ^^Z^il^^TT^„ """^ ^ ^OMnl of murine 
ice. washed, and Sen aa>,^^STo^VS^^^'l^'f "^'^ '° 
was ^ as a nmcon Of ^1^^^:^.;^^^ ^ 
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TABLE I 

3347s V/ CPM %IHHIB 

Media 8950 
CL6 12151 
10^ A4 sup 78731 

Sup + L6 11238 97 

Sup *f anti-id 13690 93 



a DEPOSIT OF MICROORGANISMS 

The following microorganisms have been deposited wflh the A^cultural Research Culture Collection. 
Northern Regional Research Center (NRRL) and have been assigned the following accessicn numt)ers: 

nicrooraanisn plasmid Accession No, 
E. coll - DH5o PPF-4/L6 iSSfS 

E.COlUDHSa PIL-2/L6 3-18 539 

The present Invention Is not to be limited In scope by the specific embodiments described herein. 
Indeed, various modifications of the invention In addition to those described herein will become apparent to 
those skilled in the art from the foregoing description and accompanying figures. Such modifications are 
Intended to fall witiiin the scope of the appended claims. Various pubHcations are cHed herein, the 
disclosures of which are Incorporated by references in their entiretf es. 



Claims 



1. An antibody-based fusion protein comprising (i) a portion of an immunogtobuHn molecule capable of 
. directing the fusion protein to an intended cell or tissue and (R).a btologlcally active Hgand. 

2. The antibody-based fusion protein of dalm 1 in which ttie portion of tiie Immunogtobunn directs the 
fusion protein to a tumor cell, to a tumor antigen^ to an infected ceil or to a lymphocyte. 

a The antibody-based fusion protein of dalm 1 In wWch the portion of tiie immunoglobulin molecule 
competltfvely inhibits the birKting of monoclonal ant&ody L0, produced by hybrldoma 16 and deposited 
witit the ATCC haying accession number HB10269. 

4. The antibody-based fusion proteins of anyone of daims 1 to 3 in which the bioiogically active ligand is 
a iymphoWne. 

a The antibody4»sed fusion proteins of claim 4 in whl^ 

a The antibody-based fusion proteins of anyone of claims 1 to 3 in which ttie bioiogically active Hgand is 
a cellular factor. 

7. The antibody-based fusion protein of claim 6 In which tiie cellular factor, tite biologically active Ugand. 
or ttie biologically active molecule is platelet factor 4. 

a A mettiod of inaeasing an antitumor Immune response comprising exposing tumor cells to an antibody 
fusion protein comprising 0) a portion of an Immunoglobulin molecule which recognizes an antigen on 
ttie surface of ttie tumor cell and (11) a lymphoklne in ttie presence of immune effector cells. 
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9. 

accession number HB10269. 
ia The method of claims 8 or 9 in which the lympholdne is interleuidn 2. 



■n» method of claim 8 In which the portion of the Immunoglobulin motecule is capable of comiMtmvoiv 
inWbWng the binding of l£ antibody, produced by hybrfdoma L8 deposited wiSZatcC aTZTna 
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Figure 2 
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Figure 4. 
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L6 / PF4 vs PF4 Competition Assay 
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Figure 5 
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Figure 6A 
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Figure 6B 
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Figure 7. 



8 

* U 

o a 
o u o 

o So 

o o o 
O o 
P« u o 



«38 

OS u o 



o o 
ad 3 







o«BS 










X 


ACG 


1 1 



<p p o 



O Q 



Icq 



\m 



1(9 



C 



^8 

p:oo 

s 



3 



20 



EP0 439 095 A2 



Figure 8 



c 
o 

-H 
(9 

g 



i4 
CM 

9 

I 

m 



n 
Q 
U 

§ 

o 

H ■ 

M 

W 

I 



5 



I 



8 

41 
8 

a 



o 



0» 

c 

CO 
CO 

I 

u 

s 
s 

0 

S 
S 

>« 



n 
I 

3 

H 

I 

in 
I 

M 

I 

IS 

§ 

4J 
O 

H 



? I 5 



«4 
O 

e 
o 



G 

S 

CO 



CO 

P _ M 
MOO 

& ? 5. 
o« « S 



n 



H6« 



o o o 



& 

o 

5 



S 

o 
o 
> 



0 o 

0 * 

C n 

1 i 

ca «y 

o o 

s a 

of O 



i 



C 

I 

o 

^ (0 

O H 
^ Ok 

o 

01 



I 

o 
c 



c 
o 



H 
O 

o 



MM 



c o 

O -H . • 

o 

4i O O 

S o 01 

O Q O 



21 



EP0 439 095 A2 



Figure 9. 



Human mRNA Encoding Interleukin-2 

M Y R M Q 

ATCACTCTCT TTAATCACTA CTCACAGTAA CCTCAACICC T6CCAC3UVTO IACA6GAT6C 60 

LLS CIA L SLA I.VT HSA PTSS 
AACTCCT6TC TTGCaTTGCA CTAAGTCTTG CACTTGTCAC AAACAGTGCA CCTACTTCAA 120 

STK KTQ LQLE HLL LDL QMIL 
GTTCTACAAA SAAAACACAS CTACAACTGG A6CATPTACT GCPGGATTOA CAGATGATTP 180 

K G I HHY KMPK LTR MLT PKPY 
TGAATGGAAT TAATAATTAC AAGAATCCCA AACTCACCAG GATGCTCACA TTTAAGTTTT 240 

MPK KAT ELKH LQC LEE BLKP 
ACATGCCCAA GAA66CCACA GAACTGAAAC ATCTTCaGTG TCCA6AA6AA GAACXCAAAC 300 

LEE VLN LAQS KHP HLR PRDL 
CTCTGGAGGA AGTGCTAAAT TTAGCTCAAA GCAAAAACTT TCACTTAAGA CCCAGGGACT 360 

IiS» IHV I V L. B LKO SE T TFMC 
TAATCAGCAA TATCAAC6TA ATAGTTCXG6 AACXAAAGG6 ATCT6AAACA ACATTCATGT 420 

EVA OBT ATIV EPL NRW ITPC 
GTGAATATGC T6ATGA6ACA GCAACCATT6 TA6AAVTTCV 6AACA6AT66 ATTACCTTTT 480 

QSI 1ST L T 
GTCAAA6CAT CATCTCAACA CTAACTTGAT AATTAAGT6C TTCCCACTTA AAACaTATCA 540 

66CCTTCTAT TTATTTAAAT ATTTAAATTT TAtATTTATT CTTSAATeTA TOeTTTOCTA 600 

CCTATTGTAA CTATTATTCr TAATCTTAAA ACXATAAATA TGGATCITTT AT6ATTCTTT 660 

TTGTAA6CCC TAGGGGCTCT AAAAT6GTTT CACITATTTA TCCCAAAAXA TTTATTATTA 720 

TGTTGAATGT TAAATATAGT ATCXATGTA6 AXTGGTXAGT AAAACXAXTT AAXAAATITG 780 

ATAAATATAA AAAAAAAAAA C SOj^ 
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ECORI (0/10, 595) 




(6080) Xbal(6073) 



Figure 10 
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